Keywords: fast atom bombardment/MS HPLC NMR Panax ginseng triol ginsenoside a b s t r a c t Ginseng roots were extracted with aqueous methanol, and extracts were suspended in water and extracted successively with ethyl acetate and n-butanol. Column chromatography using the n-butanol fraction yielded four purified triol ginseng saponins: the ginsenosides Re, Rf, Rg2, and 20-gluco-Rf. The physicochemical, spectroscopic, and chromatographic characteristics of the ginsenosides were measured and compared with reports from the literature. For spectroscopic analysis, two-dimensional nuclear magnetic resonance (NMR) methods such as 1 H-1 H correlation spectroscopy, nuclear Overhauser effect spectroscopy, heteronuclear single quantum correlation, and heteronuclear multiple bond connectivity were employed to identify exact peak assignments. Some peak assignments for previously published 1 Hand 13 C-NMR spectra were found to be inaccurate. This study reports the complete NMR assignment of 20-gluco-Rf for the first time.
assignments for the NMR signals for the hydroxyl group-linked atoms, the methyl carbon atoms, the olefinic carbon atoms, and for protons linked to individual carbon atoms [5e15] .
This study definitively identified individual proton and carbon signals using the two-dimensional NMR techniques of correlation spectroscopy, nuclear Overhauser effect spectroscopy, heteronuclear single quantum correlation (HSQC), and heteronuclear multiple bond connectivity (HMBC). Melting points, specific rotation, IR absorbance, and fast atom bombardment (FAB)/MS data were obtained using standard methods and data were compared to findings in the literature [5,7,10,15e21] . The retention factor (R f ) of each saponin in both normal and reverse-phase TLC experiments and the retention time of each ginsenoside by carbohydrate-based HPLC were also determined.
Materials and methods

Ginseng samples
Six-year-old fresh ginseng roots were purchased from the Geumsan Ginseng Market in Chungnam, Korea in October 2007.
Reagents, instrumentation, and measurement methods
Kieselgel 60 and LiChroprep RP-18 were used for column chromatography (Merck, Darmstadt, Germany). Kieselgel 60 F 254 and RP-18 F 254S were used as TLC solid phases (Merck). The former used a mobile phase of CHCl 3 emethanol (MeOH)eH 2 O (65:35:10) and the latter used MeOHeH 2 O (2:1). Detection of substances on TLC plates was by observation under a UV lamp (Spectroline, model ENF-240 C/ F; Spectronics Corp., New York, NY, USA) or by spraying developed plates with 10% aqueous H 2 SO 4 followed by heating and observing color development. HPLC was at 50 C and 30 psi using an LC-20A (Shimadzu, Kyoto, Japan) with an evaporative light scattering detector (ELSD; Shimadzu). HPLC analytical columns were Carbohydrate ES (5 mm, 250 Â 46 mm; Grace, Deerfield, IL, USA) eluted with step-wise gradients at a flow rate of 0.8 mL/min using solvent A (acetonitrileeH 2 Oeisopropanol ¼ 80:5:15) and solvent B (acetonitrileeH 2 Oeisopropanol ¼ 60:25:15). B was 25% from 0 min to 12 min, 25 / 80% from 12 min to 32 min, 80 / 90% from 32 min to 33 min, 90% from 33 min to 38 min, 90e25% from 38 min to 40 min.
NMR spectra were recorded on a Varian Inova AS 400 spectrometer (400 MHz; Varian, Palo Alto, CA, USA) with 0.0625 mol of each ginsenoside (59.1 mg Re, 50.0 mg Rf, 49.0 mg Rg2, and 60.1 mg 20-gluco-Rf) dissolved in 0.75 mL (0.083 M) pyridine-d 5 and placed in a 5-mm-diameter NMR tube (Norell, Landisville, NJ, USA) with a tetramethylsilane standard adjusted to 0 ppm. IR spectra were measured with an IR spectrometer (model 599B; PerkinElmer, Waltham, MA, USA). For each sample, 2 mg were dissolved in 100 uL of MeOH and a drop of the solution was added to a CaF 2 salt plate (Spectral Systems, Hopewell Junction, NY, USA) and evaporated. Measurements were at room temperature. FAB/MS was carried out with a JMS-700 mass spectrometer (JEOL, Tokyo, Japan) using glycerol as a matrix. Optical rotation was measured with a P-1020 polarimeter (JASCO, Tokyo, Japan) on 10 mg of each ginsenoside, dissolved in MeOH in a 1 mL sample cell at a depth of 1 dm (JASCO). Melting points were obtained using an EZ-Melt MPA 120 automated melting point apparatus (Stanford Research Systems, Sunnyvale, CA, USA), and values obtained were uncorrected.
Isolation of ginsenosides
Six-year-old fresh ginseng roots (20 kg fresh weight) were cut into pieces and extracted with 90% MeOH (5.45 L) for 24 h at room temperature. Extracts were filtered through filter paper and residues were extracted twice more with 80% MeOH (4 L). Filtrates were evaporated under reduced pressure at 45 C to yield 2.2 kg of dried extract. Dried extract was partitioned between ethyl acetate (3 L Â 3) and H 2 O (3 L). The remaining H 2 O layer was extracted with nbutanol (n-BuOH, 2.8 L Â 3). Each layer was concentrated under reduced pressure to obtain ethyl acetate (25 g), n-BuOH (169 g), and H 2 O fractions. The n-BuOH extract (160 g) was applied to a silica gel column (4 10 cm Â 24 cm) and eluted in three steps with CHCl 3 e 0.37 1) , 0.29 2) 0.51 1) , 0.13 2) 0.28 1) , 0.65 2) HPLC (R t , min) 27.1 3) 20.6 3) 10.3 3) 30.2 3) FAB, fast atom bombardment; R f , retention factor; R t , retention time. 
Results and discussion
The purity of the isolated compounds was over 99% as determined by HPLC and 1 H-NMR. Most of the saponins were obtained as white powders, in agreement with most of the literature in which ginsenosides were obtained as white or colorless powders [7, 10, 15, 19] . Preliminary experiments showed that more precise and accurate melting points were obtained with the Stanford Research Systems melting point apparatus we used than with the FisherJohn instrument used previously. As a result, melting points determined in this study often differed significantly from values found in the literature. The melting points of ginsenoside Re (1) in the literature are from 168 C to 198 C [7, 15] , whereas the results of this study indicated a melting point of 186e187 C. The literature value for ginsenoside Rf (2) is 197e198 C [15] , whereas this study found that it was 180e181 C. The reference-state [15] melting point of ginsenoside Rg2 (3) is 187e189 C in the literature, whereas it was found to be 191e192 C in this study. The reported melting point for 20-gluco-ginsenoside Rf (4) is 204 C [19] , whereas this study found that it was 204e205 C. Significant differences from the values in the literature were also found for optical rotation. Ginsenoside Re (1) has an optical rotation of e1.0 according to previous studies [11] , whereas it measured e 1.80 in this study. Likewise, the optical rotation of ginsenoside Rf (2) is þ6.99 in other studies [15] , whereas a value of þ13.80 was obtained here. The specific rotation of ginsenoside Rg2 (3) measured e3.84 , whereas the literature value is þ6.0 [15] . For 20-gluco-ginsenoside Rf (4), the literature value is þ21.0 [19] , whereas the result obtained here was þ64.00 .
The many hydroxyl groups of the ginsenosides studied here make them insoluble in nonpolar solvents such as CHCl 3 or CCl 4 . Therefore, each compound was mixed with KBr and compressed under reduced pressure to form a pellet for IR absorbance measurement. However, spectroscopic interference derived from water absorption by the pellet required the use of an alternative method, in which the saponin was dissolved in MeOH, cast onto CaF 2 or LiF plates, and allowed to evaporate. Ginsenosides Re (1), Rf (2), Rg2 (3), and 20-gluco-Rf (4) exhibited absorption peaks corresponding to the OeH stretching of each hydroxyl group (3359, 3360, 3391, and 3360, respectively), CeH stretching (2929, 2924, 2930, and 2930), C¼C stretching (1642, 1637, 1635, and 1635), CeH bending (1072, 1071, 1070, and 1074), and CeO bending (1045, 1031, 1048, and 1032) .
The multiple hydroxyl groups of ginsenosides also result in very low volatility. Thus, mass spectra are usually obtained with FAB/MS [5, 8] . These signals were confirmed using the cross peaks with corresponding carbon signals for C-15 at d C 30.822 and C-22 at 36.092 in the HSQC spectrum ( Fig. 2B) . 13 C-NMR measured in DMSO-d 6 showed peaks that were generally shifted upfield compared to those in spectra acquired in pyridine-d 5 [6] . 
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